Background: Increasing use of oral chemotherapy drugs increases the challenges for drug and patient management. An oral chemotherapy management clinic was developed to provide patients with oral chemotherapy management, concurrent medication (CM) education, and symptom management services. This evaluation aims to measure the need and effectiveness of this practice model due to scarce published data. Methods: This is a case series report of all patients referred to the oral chemotherapy management clinic. Data collected included patient demographics, depression scores, CMs, and types of intervention, including detection and management outcomes collected at baseline, 3-day, 7-day, and 3-month follow-ups. Persistence rate was monitored. Secondary analysis assessed potential cost avoidance. Results: A total of 86 evaluated patients (32 men and 54 women, mean age of 63.4 years) did not show a high risk for medication nonadherence. The 3 most common cancer diagnoses were rectal, pancreatic, and breast, with capecitabine most prescribed. Patients had an average of 13.7 CMs. A total of 125 interventions (detection and management of adverse drug event detection, compliance, drug interactions, medication error, and symptom management) occurred in 201 visits, with more than 75% of interventions occurring within the first 14 days. A persistence rate was observed in 78% of 41 evaluable patients. The total estimated annual cost avoidance per 1.0 full time employee (FTE) was $125,761.93. Conclusions: This evaluation demonstrated the need for additional support for patients receiving oral chemotherapy within standard of care medical service. A comprehensive oral chemotherapy management referral service can optimize patient care delivery via early interventions for adverse drug events, drug interactions, and medication errors up to 3 months after initiation of treatment.
Background
Historically, patients with cancer primarily receive intravenous anticancer chemotherapy and are monitored for efficacy, side effects, and adherence in the supervised setting of an infusion clinic. Approximately 25% of 400 novel chemotherapy agents in development are oral agents with multiple-day dosing regimens. 1 The increased availability of oral chemotherapy drugs has shifted drug administration from a supervised to a selfmanaged setting. 1 Regimens using oral chemotherapy drugs provide the convenience for self-medication at home; however, they increase the risks for nonad- herence, drug interactions, and adverse drug events (ADEs), which may threaten therapeutic outcomes and patient safety. 2 Oral chemotherapy drugs are perceived to be less toxic than intravenous chemotherapy, leading to less frequent monitoring for safety and efficacy, which may further contribute to the negative outcomes. [1] [2] [3] [4] An ambulatory oral chemotherapy clinic, such as a clinic where oncology health care professionals provide medication therapy management (MTM) services, may be a possible model that can assist with the multitude of potential safety and efficacy concerns associated with oral chemotherapy. MTM services have been success-fully implemented in numerous chronic diseases, but their role in oral chemotherapy remains to be proven. 5 Although oral chemotherapy clinics are still in their infancy, momentum in developing these types of programs is evident. [6] [7] [8] Although preliminary outcomes data for oral chemotherapy clinics are beginning to emerge, [7] [8] [9] the efficacy and cost impact of an oral chemotherapy management clinic with MTM programs remain to be determined. 6, 7 Preliminary analyses have shown the potential for generating revenue through the establishment of an ambulatory oral chemotherapy program, mostly studied in pharmacist programs. 6, 7 Pharmacist interventions have also shown significant cost avoidance in emergency department settings, 10 but pharmacist oral chemotherapy clinics have yet to be evaluated. In 2011, an oral chemotherapy management clinic with a comprehensive MTM program was developed and described. 9 The preliminary data from the first 30 patients suggested that early interventions are needed in oral chemotherapy management, and the practice model delivered effective early interventions for adverse effects, noncompliance, drug interactions, and medication errors. Using a larger study population, this analysis evaluated the clinical outcomes and cost avoidance of the oral chemotherapy clinic to assess its impact in improving health care delivery and reducing financial burden.
Methods
A case series report was performed after Institutional Review Board approval was obtained. All patients aged 18 years or older seen at the academic cancer center oral chemotherapy management clinic during July 2011 to November 2012 (17 months) were eligible for evaluation. The oral chemotherapy management clinic was created to provide a comparable level of comprehensive interprofessional patient care services to patients who receive intravenous anticancer therapy at the institution. Patients were referred to the oral chemotherapy management clinic after receiving routine care at the physician's office and upon initiation of oral therapy.
At the initial oral chemotherapy management clinic visit, the indication-appropriate dosing regimen, dosage form, and quantity received for both oral chemotherapy and nonoral chemotherapy medications (CMs) were verified by the oncology pharmacist. Patients completed an intake form including lifestyle information and the Zung Self-Rating Depression Scale questionnaire. 11 Patients received verbal and written education (obtained from Chemocare.com drug information monographs) about oral chemotherapy in the following areas: drug administration, signs and symptoms of adverse effects, and prevention and management of symptoms. Instructions for safe handling and disposal of oral chemotherapy were provided to patients and/or caregivers by the provider based on published information. 12, 13 For CMs (including over-the-counter and herbal supplements), the following parameters were reviewed and addressed: indication, dosing regimen, compliance, and tolerability. Drug-, alcohol-, smoking-, dietary-, and disease-drug interactions were evaluated using the Thomson Micromedex DrugDex System 14 as the primary source. After the initial clinic visit, patients received telephone follow-up care at 3 to 5 days and 7 to 10 days, and returned for a 3-month clinic visit. Safety assessments and management, laboratory monitoring, medication compliance assessment, and symptom/disease management were performed during these visits. Unscheduled visits could occur on patient request or at the discretion of the providers. Interventions made by the pharmacist provider were defined as actions taken to detect, prevent, and/or reduce medication-related errors in the 3 main categories of prescribing, dispensing, and administration to improve patient safety. All patient care activities were comprehensively documented in the medical facility's electronic medical record.
Persistence rate for oral chemotherapy medications was monitored during the 3-month follow-up period by reviewing the information documented by the health care providers in the patients' medical records. Medication persistence refers to the act of continuing the treatment for the prescribed duration; it may be defined as the duration from initiation to discontinuation of therapy. Main dependent variables (ie, types and outcomes of interventions) were determined independently by 2 clinicians, with outcomes defined as positive if completely resolved (ie, complete resolution of the event) or improved (ie, improved response to therapy) at baseline, 3-day, 7-day, unscheduled, and 3-month follow-ups.
Secondary analysis focused on cost avoidance (decrease in costs of patient care) for selected inter-ventions: detection of drug interactions; prevention or management of drug allergy; adjustments of drug dose or frequency; management of ADEs; recognition of untreated diagnosis; administration of drugs that were not indicated; and duplication of therapy. 10, 15 These interventions were selected based on their association with a potential for cost impact as described in pharmacist-intervention cost model publications.
10,15 Severity of ADE was based on the NCI Common Terminology Criteria for Adverse Events (CTCAE) version 4.0 (grade 1 = mild ADE; grade 2 = moderate ADE; grade 3 = severe ADE; grade 4 = life-threatening or disabling ADE; and grade 5 = death related to ADE). 16 Only grade 2 (moderate) through grade 5 ADEs were included in the analysis. Interventions made for ADEs were categorized as either oral chemotherapy or CM, based on their indications. An intervention was defined as resolution or improvement of the ADE due to action taken by the pharmacist provider. The assessment measurements are defined by the CTCAE grading of the ADE. For non-CTCAE-related interventions, only interventions with a high probability of preventing serious harm to the patient were included. Lack of documentation, clinical information, and CTCAE grading were excluded from this analysis. Medication errors, disease management, and adherence interventions were also excluded because no published cost avoidance data are available from pharmacist intervention models.
Cost avoidance per intervention was calculated from previous studies focusing on average outpatient cost avoidance per recommendation and adjusted for inflation based on the consumer price index ($US 2012). 10, 15 Cost avoidance per selected type of intervention was then calculated by multiplying the number of interventions by the estimated cost avoidance per event. The estimated annual cost avoidance was estimated based on extrapolating the results over a 1-year period and 1.0 full-time employee (FTE).
Results
Of 88 patients screened, 86 patients (98%) were included for analysis. Two patients were excluded because they were not eligible for oral chemotherapy drugs and were subsequently offered alternative therapy by their oncologists. The demographics of the evaluable patients are detailed in Table 1. A total of 201 clinic and phone visits resulted in 125 interventions categorized as oral chemotherapy interventions (n=82; 65.6%), CM interventions (n=36; 28.8%), and untreated diagnosis or medical problem (n=7; 5.6%). More than 75% of the interventions occurred within first 14 days of baseline visits. The average number of visits and interven- 14 7 of 21 drug interactions were classified as major (defined as: the interaction may be life-threatening and/or require medical intervention to minimize or prevent serious adverse effects) and 5 as moderate (defined as: the interaction may result in exacerbation of the patient's condition and/ or require an alteration in therapy). The oral chemotherapy major drug interactions included concurrent use of erlotinib and proton pump inhibitors (n=3), concurrent use of capecitabine and warfarin (n=1), and sunitinib and phenytoin (n=1). The one medication error detected in oral chemotherapy was the result of incorrect instructions on the drug container label. Persistence rate of oral chemotherapy was detected in 78% of evaluable patients (N=41). The tabulation of these visits is outlined in Table 2 .
For the cost avoidance analysis, 100 interventions that met criteria as defined in the methods section were observed in 86 patients over the course of the study period. Managing adverse events was the most common reason, with a total of 58 interventions, followed by drug interactions (N=21), adjusting dosage or frequency (N=12), untreated diagnosis (N=7), and drug not indicated (N=2). The total estimated potential for cost avoidance was $71,265.09 during this period base on a 0.4 FTE clinical pharmacist. The estimated annual cost avoidance based on 1.0 FTE clinical pharmacist was $125,761.93. The details of the cost avoidance analysis are outlined in Table 3 .
Discussion
A shifting paradigm in oncology practice and workflow has been occurring with the increasing use of oral chemotherapy drugs. Many of these agents are administered at home and on a continuous basis, resulting in a demand for a personalized management approach and education to optimize patient care. Currently, oral chemotherapy management clinics in the United States are multiplying. Most patients receive oral chemotherapy from mail order specialty pharmacies accompanied by lengthy, nonpersonalized written drug information. Medication education from mail order pharmacies is provided by personnel operating from remote locations (eg, specialty pharmacies and community pharmacies) with limited knowledge about the patient. The development of the oral chemotherapy clinic with comprehensive medication review was intended to address the personalized needs of patients receiving oral chemotherapy drugs and their caregivers. The data presented in this manuscript suggested that the current routine management of this population of patients with cancer can be enhanced. Consequently, there was a need to determine the utility of this practice model. In this practice model, the average number of interventions per patient indicated an average of 0.62 interventions per visit and 1.45 interventions per patient. Because numerous patients had already begun their oral chemotherapy treatment before the baseline visit, ADE detection and management were recorded at the patient's first visit to the clinic. The time pattern revealed that most of the patient visits resulted in early interventions, which illustrated the need for proactive screening and management of this patient population, and yet the remaining amount of late interventions supported the need for long-term follow-up care. The impact of these early interventions is projected to decrease the severity of the adverse outcomes, thereby improving patients' quality of life and resulting in cost avoidance or savings.
Despite the perception and possibility that oral chemotherapy has less toxicity than intravenous chemotherapy, the most common oral chemotherapy interventions were for ADEs. 3, 4 A total of 53 oral chemotherapy interventions with follow-up management were detected compared with 17 for CMs. In addition, the CTCAE severity levels of the oral chemotherapy ADE interventions were higher than for the CM ADE interventions for grade 2, 3, and 4 events, as outlined in Table 2 . Based on the differences between the 2 groups in grade 3 (serious) and grade 4 (life-threatening) CTCAE severity levels, the need for preventive and early intervention in patients receiving oral chemotherapy is crucial and can possibly be optimized by an ambulatory oral chemotherapy clinic.
Similar to the preliminary data from the first 30 patients reported on in this practice model, 9 the additional 56 patients continue to demonstrate benefit from the comprehensive assessment and monitoring of concurrent medications and medical conditions. Drug interaction detection is a clinically significant area of care and concern in patients receiving oral chemotherapy. The potential cause of drug interac-tion with oral agents involves more complex mechanisms than the parenteral agents, primarily because of the route of administration and dosing schedule. The effects of drug interactions are undesirable and frequently harmful. Interactions may increase or decrease the actions of one or more drugs, resulting in side effects or treatment failure. In this evaluation, a total of 14 oral chemotherapy drug interactions, including 5 events classified as serious and/or lifethreatening, were detected and prevented before any clinical sequel occurrence. Estimates of the numbers of patients injured from drug interactions vary widely. However, Leape et al 17 reported some reasonable estimates; in a systems analysis of ADEs, they estimated that drug-drug interactions represent 3% to 5% of all in-hospital medication errors. Drug interactions have also been shown to be an important cause of patient visits to emergency departments. 18 The incidence of drug interactions associated with oral chemotherapy is virtually unknown at this time.
Based on the cost avoidance analysis on the 21 evaluable drug interactions, the estimated extrapolated annual cost avoidance resulted in $16,189.52, approximately 12.87% of the total cost avoidance. It is pertinent to recognize the high average number of CMs (N=13.72) in this study population and the lack of personalized drug interaction assessment tools currently available may have contributed to the detection of 5 major and moderate drug-drug interactions and other less severe drug-nutrient interactions. It further demonstrated the existence of pretreatment screening gaps and the need for expertise providers as part of the patient care team to determine the most appropriate course of actions and to avoid unnecessary adjustment or discontinuation of oral chemotherapy drugs.
Another important measure to assess for the efficacy of an oral chemotherapy clinic is adherence. Only persistence data were reported in this evaluation due to the data's accuracy and reliability. Attainment of 78% persistence for the 41 evaluable patients without proactive interventions was recorded. Ruddy et al 19 summarized that the rate of adherence to oral antineoplastic agents by adults ranged from 16% to 100%, but many of these data were patient self-reported. Adherence for patients with breast cancer participating in endocrine therapy clinical trials was estimated to be 72% to 76%, 20 but decreased to 30% to 50% in nontrial settings. 21 Cancer and Leukemia Group B study CALGB 49907 reported an adherence rate of 76% among subjects in the oral capecitabine arm who took at least 80% of their doses using the microelectronic monitoring system. 22 MTM programs have shown improved clinical outcomes, cost savings, and cost avoidance in diverse settings. 10, 15, 23, 24 Given that oral chemotherapy clinics are still few in numbers, the analysis on outcome and cost avoidance can further justify the implementation of ambulatory clinics specializing in oral chemotherapy management.
This study has several limitations. The cost avoidance analysis excluded many factors associated with patient care, such as persistence, adherence, Compliance detected and managed 14 11 Medication error detected and managed 1 8
Untreated diagnosis or medical problem deleted and managed 7 medication errors, disease management, prevention of adverse events, and dispensing and safe handling, due to lack of literature support for these possible cost avoidance interventions. 10, 15 These exclusions may lead to underestimation of cost avoidance. Despite these limitations, this report is the first cost avoidance analysis to examine ADE improvement based on CTCAE criteria, the validated universal ADE reporting system used for patients with cancer. This methodology, albeit novel, set guidance on symptom improvement and resolution, providing more accurate cost avoidance estimates. A potential for CTCAE evaluation is that not all ADEs reported will represent the same cost. Using average cost reported should provide a better estimate, but remains a limitation of this analysis. Previous studies focus on potential for harm, but this was subjectively determined by only 2 experts in the field. 9, 12 The CTCAE scale at least provides an objective tool for determining ADEs and the respective cost avoidance.
Other limitations of this evaluation are the low rates of phone follow-up and 3-month visits because of the observational design and the geographic distribution of the patient population that the institution serves. The institution administration's decision against the prospective design of this evaluation was due to concerns of increased patient burden at the same time there was an ongoing institutional-wide patient satisfaction initiative. The lack of optimal mechanisms to accurately assess medication adherence and the inability to obtain patient satisfaction data as a result of the retrospective design also compromised the completeness of this evaluation.
Despite the limitations and underestimates of cost avoidance, our results show promise. Oral chemotherapy can have more complex ADEs than nonoral chemotherapy medications, demonstrating the need for closer patient management. The cost avoidance potential and improvement of patient safety and efficacy demonstrated by our analysis suggest that an ambulatory managed oral chemotherapy clinic can be a valuable clinical option for patient care.
The oral chemotherapy management clinic also uncovered a major area deserving more attention to assure public safety. When the dispensed oral chemotherapy products were inspected during patient visits to the clinic, only 1 container was identified or labeled as anticancer chemotherapy or biohazardous material. In addition, none of the patients received instructions on the proper handling and disposal of biohazardous drugs and containers when the drugs were dispensed. Although published information 12, 13 is available for patients and caregivers on the safe handling and disposal of oral chemotherapy in the home setting, health care providers' awareness of this information must be heightened. Improper handling and disposal of oral chemotherapy by patients or caregivers can cross-contaminate their home environment, leading to potential exposure to other family members and visitors. Unsafe disposal of unused drugs or containers can lead to contamination of the water system and the environment at large, creating potential public health adversity. There is a need to globally address these issues. 
Conclusions
The data from this evaluation illustrated the complex needs involved in initiating a patient on oral chemotherapy. The outcomes data demonstrated the advantage of an oral chemotherapy management clinic in delivering proactive patient care with early interventions to decrease the incidence of adverse drug reactions, drug interactions, and medication errors over time. The cost avoidance analysis supports a cost-effective option to improve health care delivery in the patient population receiving oral chemotherapy. A comprehensive multicenter prospective comparative analysis with a larger number of patients is needed to support the observations generated by this evaluation.
